We investigated the effects of a circadian disadvantage (i.e. playing in a different time zone) on the winning percentages in three major sport leagues in North America: the National Basketball Association, the National Hockey League and the National Football League. We reviewed 5 years of regular season games in the National Basketball Association, National Hockey League and National Football League, and noted the winning percentage of the visiting team depending on the direction of travel (west, east, and same time zone) and game time (day and evening games). T-tests and analysis of variance were performed to evaluate the effects of the circadian disadvantage, its direction, the number of time zones travelled, and the game time on winning percentages in each major league. The results showed an association between the winning percentages and the number of time zones traveled for the away evening games, with a clear disadvantage for the teams travelling westward. There was a significant difference in the teams' winning percentages depending on the travelling direction in the National Basketball Association (F 2,5908 = 16.12, P < 0.0001) and the National Hockey League (F 2,5639 = 4.48, P = 0.011), and a trend was found in the National Football League (F 2,1279 = 2.86, P = 0.058). The effect of the circadian disadvantage transcends the type of sport and needs to be addressed for greater equity among the western and eastern teams in professional sports. These results also highlight the importance of circadian rhythms in sport performance and athletic competitions.
SUMMARY
We investigated the effects of a circadian disadvantage (i.e. playing in a different time zone) on the winning percentages in three major sport leagues in North America: the National Basketball Association, the National Hockey League and the National Football League. We reviewed 5 years of regular season games in the National Basketball Association, National Hockey League and National Football League, and noted the winning percentage of the visiting team depending on the direction of travel (west, east, and same time zone) and game time (day and evening games). T-tests and analysis of variance were performed to evaluate the effects of the circadian disadvantage, its direction, the number of time zones travelled, and the game time on winning percentages in each major league. The results showed an association between the winning percentages and the number of time zones traveled for the away evening games, with a clear disadvantage for the teams travelling westward. There was a significant difference in the teams' winning percentages depending on the travelling direction in the National Basketball Association (F 2,5908 = 16.12, P < 0.0001) and the National Hockey League (F 2,5639 = 4.48, P = 0.011), and a trend was found in the National Football League (F 2,1279 = 2.86, P = 0.058). The effect of the circadian disadvantage transcends the type of sport and needs to be addressed for greater equity among the western and eastern teams in professional sports. These results also highlight the importance of circadian rhythms in sport performance and athletic competitions.
IN TROD UCTI ON
The highly competitive nature of professional sports ensures that slight differences in athletic performances may lead to a win or a loss. Recent studies have shown that time zone changes and game time may give an advantage to a team at the expense of another (Reilly, 2009; Winter et al., 2009 ). This may be partly due to the athletes' circadian rhythms, which are characterized by daily fluctuations in cognitive and physical performances (Jehue et al., 1993; Reilly, 2009 ). Indeed, a performance peak in the late afternoon has been found for some physiological variables, such as strength, flexibility and reaction time (Smith et al., 1997) . Consequently, time zone changes may lead to desynchronized internal rhythm, and this has been associated with detrimental athletic performances (Reilly et al., 2005) . Moreover, as a consequence of frequent travelling for competition or major sport leagues season games, athletes are often forced to perform at hours that are disadvantageous for their performance. Unfortunately, circadian factors are rarely considered in professional sports (Scheer et al., 2010) .
In the same way that home field advantage influences the probability of success (Courneya and Carron, 1992) , accumulating evidence suggests that there seems to be a circadian advantage in major sport leagues for teams travelling eastward and a circadian disadvantage for teams travelling westward because of the time zone changes, which impacts the alignment between the scheduled game times ª 2017 European Sleep Research Society and the circadian peak in performance (Jehue et al., 1993; Smith et al., 1997 Smith et al., , 2013 Winter et al., 2009) . However, these studies have mostly focused on one sport, primarily American football or baseball. Also, most studies have investigated the influence of extreme time zone changes (six time zones or more) on performance (Reilly et al., 2005) . However, in professional sport leagues in North America, time zone changes happen on a smaller scale (three time zones or less), but are frequent (sometimes two or three time zones in 1 week). Indeed, in North America, there are four time zones: Pacific Standard Time, Mountain Standard Time, Central Standard Time, and Eastern Standard Time (Winter et al., 2009) . It is interesting to note that in recent years, following the increasing evidence of the circadian disadvantage in sport, some efforts have been made to minimize the negative effects of time zone changes. Prevention, such as an increase in awareness regarding the importance of sleep and circadian factors in sport performance, is now promoted among athletes (Erren et al., 2014) . On a larger scale, in 2013 for example, the National Hockey League (NHL) proposed a realignment of the league in order to provide each team with the ability to play the majority of their games against teams in the same time zone.
Here we examined regular season games over the past 5 years in three major professional sports leagues in North America: the National Basketball Association (NBA), the NHL and the National Football League (NFL). We hypothesized that there would be a significant advantage for teams playing closer to their circadian peak, which occurs normally in the late afternoon between 15:00 hours and 18:00 hours.
MATERI ALS AND METHODS
Statistics from away games from 2010 to 2015 in the NBA, NHL and NFL were included in this study. Information from individual games was acquired through nba.com, nhl.com and nfl.com. The outcomes for each game were: game time (afternoon/17:00 hours Eastern Standard Time or earlier; evening/17:30 hours Eastern Standard Time or later); the result of the game (then the winning percentage was calculated for all games); the number of time zones travelled; and the direction of travelling (westward, same time zone or eastward). Data for games played when travelling one-three time zones were combined for the westward travelling and eastward travelling, respectively. During the 2010-2015 period, there were 5909 games in the NBA, 5640 games in the NHL and 1280 games in the NFL. All statistical analyses were performed using SPSS statistical software version 23 (IBM, Armonk, NY, USA). We used t-tests, analysis of variance and simple linear regression models to evaluate the effects of the circadian disadvantage, its direction, the number of time zones travelled and the scheduled game time on winning percentages in each major league separately. We also accounted for the overall quality of the teams by comparing, using t-tests, the total winning percentages of the more western teams (Pacific and [2010] [2011] [2012] [2013] [2014] [2015] for the three leagues.
RESULTS
First, results showed no significant differences in the total winning percentages between the more western versus eastern teams in the three leagues studied (Table 1) .
Second, for the away games, results showed that in the NBA there is a significant difference in the winning percentage depending on the travelling direction (F 2,5908 = 16.12, P < 0.0001). Post hoc comparisons using Scheffe test indicated a significant disadvantage for the teams travelling westward (P = 0.011), and a significant advantage for the teams travelling eastward (P = 0.015). Table 2 presents the winning percentages in each of the three sports for the games played westward, in the same time zone and eastward. In the NHL, there is a significant difference in the winning percentage depending on the direction of travelling (F 2,5639 = 4.48, P = 0.011). Post hoc comparisons using Scheffe test indicated a significant disadvantage for the teams travelling westward (P = 0.046), while no significant circadian advantage was found for the teams travelling eastward. In the NFL, no significant difference in the winning percentage was found between the different directions of travelling (F 2,1279 = 2.86, P = 0.058), but a trend for an effect in the same direction was observed.
Third, the analysis performed on the evening games only showed that the effect of the direction of travelling is significant in the NBA (F 2,5615 = 15.57, P < 0.0001) and in the NHL (F 2,5119 = 5.75, P = 0.003), and the same trend was observed in the NFL (F 2,236 = 1.62, P = 0.199).
In the NBA, post hoc comparisons using Scheffe test indicated a significant disadvantage for the teams playing westward (P = 0.006) in the evening, and a significant advantage for the teams playing eastward in the evening (P = 0.033). Table 2 presents the winning percentages in each of the three sports for the games played westward, in the same time zone and eastward in the evening (17:30 hours Eastern Standard Time or later), and those only played during the day (17:00 hours Eastern Standard Time or earlier). In the NHL, post hoc comparisons using Scheffe test indicated a significant disadvantage for the teams travelling westward (P = 0.012), but there was no circadian advantage for the games played in the evening while travelling eastward. Table 3 presents the total winning percentages (2010) (2011) (2012) (2013) (2014) (2015) for the games played in the evening according to the number of time zones travelled, and Fig. 1 presents the strength of the associations between the winning percentages per season and the number of time zones travelled. The results showed a significant correlation with the number of time zones travelled and the winning percentage for evening games in the NBA (r = 0.43; P = 0.005), the NHL (r = 0.48; P = 0.002) and the NFL (r = 0.34; P = 0.024). The number of time zones travelled explained 18.5% (b = 1.37; P = 0.01), 23.2% (b = 1.32; P = 0.003) and 11.3% (b = 5.5; P = 0.049) of the variance in winning percentages in the NBA, NHL and NFL, respectively.
The analysis performed on the games played during the afternoon demonstrated that there was no significant circadian advantage or disadvantage depending on the direction of travel in the NBA (F 2,292 = 1.22, P = 0.298), the NHL (F 2,519 = 2.05, P = 0.13) and the NFL (F 2,1042 = 1.62, P = 0.198).
DISCUSSION
The simple linear regression suggests that, in all three leagues, when the away games are scheduled in the evening, there is a significant association between the winning percentages and the number of time zones travelled. The smaller effect found for the NFL may be due to the fact that there were less games in the NFL that were considered for the analysis (16 games per season compared with 82 games per season for the NBA and NHL). Similar to the study of Smith et al. (2013) , these results highlight the clear disadvantage for the teams travelling westward when the games are scheduled in the evening, along with a greater disadvantage with increasing number of time zones travelled. In other words, for the teams travelling westward, our data suggest a greater probability of success for them when the games are scheduled during the afternoon. Those results can be explained by the performance peak occurring in the late afternoon and the quick decrease in performance occurring in the late evening (Carrier and Monk, 2000; Smith et al., 1997) . For the games played at night, teams travelling westward have to perform at a time when they are supposed to be resting and getting ready to sleep, while teams travelling eastward have to perform at a time closer to their performance peak. These results are also in line with the study of Brager and Mistovich (2016) , which confirms that a chronobiological and ecological advantage for winning games exists for NFL teams from the west coast. Even though individual factors such as motivation, endurance, strength, reaction time, flexibility and cognitive performance may have had an influence, the large amount of data collected from three professional sport leagues during five seasons have reduced the presence of some of these confounding factors. Also, a difference in team quality cannot account for these results, as our analysis showed that over the past 5 years, the western and eastern teams have had similar winning percentages.
In conclusion, these results show that the effect of the circadian disadvantage transcends the type of sport and needs to be addressed. Our results confirm an advantage to the teams playing closer to their circadian peak, thus highlighting the importance of circadian rhythms in sport performance. They also raise concerns about well-established practices such as early training sessions and late-night athletic competitions, and the possible negatives effects that this may have on performance and health. Despite recent efforts and increasing awareness, the urgent need to implement efficient strategies to address sleep and circadian rhythms in athletes to improve performance and promote greater equity among the western and eastern teams in professional sports is undeniable.
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